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A B S T R A C T

Background: The recommended duration of specific immunotherapy (SIT) treatment relies on empiric data
and is not well documented.
Objective: To detect possible differences in the long-term effectiveness between 3 and 5 years of house dust
mite (HDM) SIT in asthmatic children.
Methods: We performed a 3-year natural history study of 90 asthmatic children who were sensitive only to
HDM. Three groupswere recruited: 30who had completed 3 years of HDM SIT (SIT3), 30who had completed
5 years of HDM SIT (SIT5), and 30 who had an indication for HDM SIT but whose parents refused HDM SIT.
Patients attended an enrollment visit in 2007, after SIT discontinuation, and 3 annual follow-up visits at the
clinic. The long-termeffectiveness ofHDMSITwasprimarily assessed via analysis of the reduction in required
inhaled corticosteroid dose, forced expiratory volume in 1 second, and asthma remission.
Results: A total of 84 children completed the study. Both SIT durations produced excellent results; asthma
remission in both SIT3 (50%) and SIT5 (54%) groups was significantly higher when compared with control
(3.3%). The minimal controlling inhaled corticosteroid dose reduction in SIT5 group (median, 75%) was
significantly higher comparedwith the SIT3 group (median, 50%) after immunotherapydiscontinuation; after
3 years without SIT, no differences were found between the SIT5 and SIT3 groups (median, 100% and 94%,
respectively). We observed a slightly higher increase in forced expiratory volume in 1 second in the SIT5
group compared with the SIT3 group.
Conclusion: Three years of SIT is an adequate duration for the treatment of childhood asthma associated
with HDM allergy because 2 further years of SIT added no clinical benefit.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Allergen specific immunotherapy (SIT) is the only treatment of
allergy modifying the immune response.1,2 Immunotherapy allevi-
ates the symptoms, prevents the onset of new sensitizations, and
reduces the risk of developing asthma. Moreover, its clinical effi-
cacy lasts many years.3

An adequate SIT treatment should ideally produce a long-term
therapeutic benefit after its completion. The results obtained in
some trials suggest that the duration of the treatment might influ-
ence the duration of the clinical effect after completion of SIT.4–6

The recommended duration of SIT treatment relies on empiric data
and is not well documented. To our knowledge, there are only 2
trials that prospectively explore the currently recommended dura-
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ion limits of SIT,7,8 but the long-term efficacy of SIT was not as-
essed in these studies. However, no publications have compared
ow the duration of SIT might influence the long-term efficacy of
mmunotherapy.

Our objective was to compare the long-term efficacy of 3 and 5
ears of house dust mite (HDM) SIT in children with asthma. Effi-
acy was assessed on the basis of a steroid-sparing effect, asthma
ymptoms score, lung function, asthma remission, methacholine
hallenge, and the Paediatric Asthma Quality of Life Questionnaire
PAQLQ).

ethods

atients

Ninety boys and girls with IgE-dependent asthma caused by
ensitization only to HDMs (Dermatophagoides farinae [n � 5] or
ermatophagoides pteronyssinus [n � 7] or both [n � 78]) were
andomly selected (computer-generated allocation schedule) from
n outpatient population at our allergy clinic center who fulfilled

he inclusion criteria (n � 180 potential study candidates). We

munology. Published by Elsevier Inc. All rights reserved.
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included patients who completed a 3-year course of SIT (SIT3
group, n � 30), those who completed a 5-year course of SIT (SIT5
group, n � 30), and those who had an indication for SIT (IgE-
dependent persistent asthma caused by sensitization to HDMs) but
did not received SIT because of lack of have parental or patient
consent (control group, n � 30). On the basis of the data from
medical records, all patients had a history of at least 2 years of
regular asthma symptoms requiring long-term treatment with in-
haled corticosteroids (ICSs) at a minimal dose necessary to control
asthma between 400 and 800 �g of budesonide before SIT (for the
SIT3 and SIT5 groups) or before entering the study (for the control
group). Patients and their parents were required to demonstrate
understanding of the diary used to record daily symptoms. Patients
were also required to be able to perform reproducible spirometry,
exhibiting a resting forced expiratory value in 1 second (FEV1) of at
least 70%, and to have no contraindications for SIT.

Study design

This is a 3-year natural history study of 90 asthmatic children
who sensitive only to HDM. During the prospective phase of the
study, 3 groups were recruited (the SIT3, SIT5, and control groups).
Data on the steroid-sparing effect during immunotherapy for the
SIT3 and SIT5 groups and in the respective period for the control
group were analyzed retrospectively (the retrospective phase of
the study). The flowchart of the study is presented in Figure 1.

Patients from the outpatient population of our allergy clinic
centerwho had indication for SITwere desensitized (the retrospec-
tive phase of the study). The decision of whether patient received 3
or 5 years of SIT was made in the retrospective phase of the study
and was individualized to each patient, reflecting real-life circum-
stances and current recommendations. Patients from the SIT3 and
SIT5 groupswere desensitized according tomanufacturer’s recom-
mendation. The extracts (Phostal; Stallergens, Antony, France)
were administered subcutaneously at weekly intervals for approx-
imately 3 months, according to a standard dose schedule. Increas-
ing doses of HDMextract (build-up phase)were administered up to

N=3

N=3

N=3

Retrospec�ve phase

(pa�ents during SIT, retrospec�ve data)

-5 -3 -2

Pre-stud

-pa�ent’
selec�on

-start of
prospec�
phase
Fig. 1. Flowchart o
maintenance dose of 0.8mL (1,000 STU),which corresponds to 5.9
g of major allergens. This dose was continued monthly for 3 or 5
ears (maintenance phase). Avoidance measures were recom-
ended to all patients before immunotherapy andwere continued

hroughout the study. All children remained in the same environ-
ent during the study.
Patients attended an enrollment visit in 2007 and 3 annual

ollow-up visits at the clinic. During the prestudy visit, at the start
f the prospective phase of the study (after SIT and in the respective
eriod for the control group), all participants were informed of the
urpose of the study andwere told how to score asthma symptoms
daytime symptoms, incidents of nocturnal awakening, and the
umber of puffs of as-needed�2-agonist) andhow to respond to the
aediatric Asthma Quality of Life Questionnaire (PAQLQ).9 A mini-
al daily dose of ICS capable of maintaining asthma control was

ecorded from themedical history. The first, second, and third visit
ere planned in the 3 consecutive years (2008–2010) at the end of
he heating season (maximum natural exposure to HDM: Septem-
er to March).10 During each study visit clinical symptoms were
ssessed, lung function was measured, and ICS dose and the pa-
ients’ asthma diaries and PAQLQ responses were evaluated in all
atients. In addition, at the third visit methacholine challenge and
kin prick tests were performed.

Asthma control was assessed via each patient’s diary card11 and
AQLQ, lung function measurements,12 the analysis of the reduc-
ion in a required ICS dose, asthma remission, and methacholine
hallenge.13 A diary card and PAQLQ were completed during the
eriod between September andMarch. Themean asthma symptom
core was calculated for this period.

iary card

The daily diary card included daytime symptoms (completed at
edtime), incidents of nocturnal awakening (recorded in themorn-
ng on awakening), and the number of puffs of as-needed �2-
gonist. The daytime asthma symptoms and nocturnal awakenings
ere scored subjectively as follows: 0, no symptoms during the day

N=30

N=24

N=30

�me [years]

Prospec�ve phase

(pa�ents a�er SIT)

SIT5 group

SIT3 group

control group

1 2 3

First and second visits

-ICS dose

-asthma score

-FEV1

- PAQLQ

Third visit

-ICS dose

-asthma score

-FEV1

-PAQLQ

-MBPT

-skin-prick tests
0

0

0

0

y visit

s

the
ve
f the study.
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or night; 1, symptoms that did not affect any activities during the
day or night; 2, symptoms that affected at least one daily activity or
disturbed the night; and 3, symptoms that affected 2 or more daily
activities or sleep disturbances throughout all night or most of the
night. The use of �2-agonists was scored as follows: 0, none; 1, once
a day; 2, 2 to 3 times a day; and 3, more than 3 times a day.
The minimum score for each day was 0 (no symptoms during the
daytime, no symptoms at night, and no use of �2-agonists). The
maximum score was 9 (severe symptoms during the day and night
and the use of the �2-agonists �3 times a day).

Paediatric asthma quality of life questionnaire

Health-related quality of life was assessed by the Polish version
of the PAQLQ by Juniper software (Juniper Networks, Sunnyvale,
California).9

Principles for reducing the ICS dose

The minimal daily dose of ICS capable of maintaining asthma
control was calculated according to guidelines14 before and after
the retrospective phase and during the prospective phase of the
study (3 consecutive years); only the September through March
(the seasonwith themaximum levels of natural exposure toHDM)9

periods were included. Each time, ICS doses were converted into
the budesonide doses. Reduction in the minimal daily dose of ICS
was calculated according to the following rule: (ICS dose after SIT�
ICS dose before SIT)/ICS dose before SIT � 100%).

Skin prick testing

Skin prick testing (SPT) was performed with the inhalant aller-
gensD farinae, D pteronyssinus, Alternaria, Cladosporium, cat dander,
dog dander,mixed grass pollen, rye, birch, hazel, ribwort, alder, and
Artemisia vulgaris together with a positive (histamine chloride, 10
mg/mL) and negative (glycerol) control (extracts from Allergop-
harma-Nexter, Reinbek, Germany). A positive SPT reaction was
defined as a mean wheal diameter greater than 3 mm in excess of
the negative control.

Methacholine bronchial provocation test

A methacholine bronchial provocation test (MBPT) was per-
formed using the dosimeter technique APS Pro (Erich Jaeger Gmbh,
Hochberg, Germany) with controlled tidal breathing. After the pul-
verization physiologic diluent, methacholine was delivered in 4
cumulative doses of 0.015, 0.045, 0.18, and 0.72 mg. A negative
MBPT result was defined as a provocation dose that caused a de-
crease in forced expiratory volume of 1 second (FEV1) of 20% (PD20)
greater than 0.72 mg. MBPT was continued with 2-min intervals
between the inhalations until a decrease in FEV1 of 20% or greater
was obtained. PD20 was calculated by linear interpolation on a log
dose-response curve.

Asthma remission

Asthma remission was defined as the absence of any symptoms
that required asthma medication for at least 12 months with a
negative bronchial provocation test result.

Table 1
Baseline characteristics of the study participants

Characteristic

Age mean (SD), y
Male, No. (%)
FEV1, mean (SD), % predicted
Minimal ICS controlling dose at baseline, median (interquartile range), �g/d
Abbreviations: FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; SI
aAnalyses of variance for age and FEV1 Kruskal-Wallis test for minimal ICS controlling dos
tatistical analyses

The present study was designed to achieve at least 85% power
for 25 patients completing the study per treatment arm) in detect-
ng a 15% difference between the SIT3 and SIT5 groups in the ICS
ose reduction after the prospective phase of the study (the pri-
ary outcome). Calculations were performed for a 1-sided Mann-
hitney test based on the assumption that the variability and
istribution of our primary outcomewas similar to that observed in
previous study15 and also similar to our unpublished data on the
teroid-sparing effect of SIT. An allowance was made for a 20%
ropout rate. We compared the baseline characteristics of the pa-
ients using �2 tests for discrete variables and the 1-way analysis of
ariance for continuous variables. To determine differences within
roups, the t test was used. To compare changes in the response to
reatment between groups, analysis of variance with the Tukey-
ramer post hoc test was used. Variables that exhibited a heavily
kewed distributionwere comparedwithin groups usingWilcoxon
est and compared between groups using the Kruskal-Wallis test
ollowed by post hoc comparisons with the Dunn test. P � .05
2-tailed) was regarded as statistically significant.

This studywas approvedby theMedical Ethics Committee of the
edical University. All parents or guardians and children provided
ritten consent for participation in the study.

esults

atients

Eighty-four children completed the study; only 6 (7%) dropped
ut, all from the SIT5 group. In all cases, the reason for dropping out
as lost to follow-up (family moved or family changed health care
rovider): 2 patients in the first year of the prospective phase and 4
atients during the second year. Baseline characteristics of the
atientswho completed the study are listed in Table 1. Theminimal
CS dose controlling the symptoms at the beginning of the retro-
pective phase of the study was lower in the control group com-
ared with both the SIT3 and SIT5 groups. No other differences
ere found between the study groups. At the end of the study, SPT
evealed only one patient from control groupwith new sensitization.
ll study parameters at each study visit are presented in Table 2.

CS dose reduction

The minimal controlling ICS dose reduction in the SIT5 group
median, 75%) was significantly higher compared with the SIT3
roup (median, 50%) after immunotherapy discontinuation (first
ear of the prospective phase). At the end of the prospective phase,
o differences were seen between the SIT5 and SIT3 groups (me-
ian, 100% and 94%, respectively). During the prospective phase the
inimal ICS dose controlling the symptoms did not change in the
ontrol group andwas significantly higher compared with the SIT5
nd SIT3 groups. The results are presented in Figure 2.

iary card

The mean asthma symptom score did not change during the
rospective phase of the study within all groups; in the SIT3 and

ntrol group
� 30)

SIT3 group
(n � 30)

SIT5 group
(n � 24)

P valuea

.2 (2.9) 11.7 (3.8) 13.9 (3.7) .07
1 (70.0) 17 (56.7) 16 (66.7) .54
.6 (10.4) 90.9 (11.2) 91.8 (10.6) .75
0 (200–400) 500 (400–600) 450 (400–600) .01
Co
(n

12
2

89
40
T3, 3-year specific immunotherapy; SIT5, 5-year specific immunotherapy.
e and �2 test for sex. All 3 groups were compared simultaneously.
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SIT5 groups, it was significantly lower compared with the control
group. No significant changes were found in the asthma symptom
score between the SIT3 and SIT5 groups (Table 2).

PAQLQ score

The mean PAQLQ score did not change during the prospective
phase of the study within all groups; in the SIT3 and SIT5 groups, it
was significantly lower compared with the control group. No sig-
nificant changes were found in PAQLQ score between the SIT3 and
SIT5 groups (Table 2).

Lung function

Analysis of variance revealed significant changes in FEV1 within
all study groups during the prospective phase. Between-groups
comparison revealed a significantly higher increase in FEV1 in the
SIT5 group at the end of the prospective phase compared with the
other 2 groups; no other differenceswere found between the study
groups (Table 2).

Bronchial provocation test

We found a higher percentage of a positive bronchial provoca-
tion test result in the control group (87%) compared with the SIT3
(23%) and SIT5 (26%) groups at the end of the prospective phase; no
differences were found between the SIT3 and SIT5 groups. Median

Table 2
Study end points at baseline (retrospective phase) and during the first, second, and

End point First year of
follow-up

Second year of
follow-up

SIT3 group
Minimal ICS controlling dose, �g/d 200 (100–400) 200 (100–200)
Asthma symptom score 0 (0–0.2) 0 (0–0)
FEV1, % predicted 89 (85–97) 91 (87–99)
PAQLQ score 7 (6.6–7) 7 (6.6–7)

SIT5 group
Minimal ICS controlling dose, �g/d 150 (0–300) 200 (0–400)
Asthma symptom score 0 (0–0.25) 0 (0–0.18)
FEV1, % predicted 91 (84–102) 90 (87–100)
PAQLQ score 7 (7–7) 7 (6.7–7)

Control group
Minimal ICS controlling dose, �g/d 400 (400–400) 400 (400–500)
Asthma symptom score 0.5 (0.3–0.9) 1.1 (0.6–1.8)
FEV1, % predicted 89 (82–97) 88 (80–96)
PAQLQ score 6.5 (6.1–6.8) 6.45 (6–6.8)

Abbreviations: ANOVA, analysis of variance; FEV1, forced expiratory volume in 1 sec
SIT3, 3-year specific immunotherapy; SIT5, 5-year specific immunotherapy.
aComparison within and between groups was assessed by ANOVA. The baseline valu
500 (400–600), 450 (400–600), and 400 (200–400) �g/d, respectively. Data are pr
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Fig. 2. Minimal daily inhaled corticosteroids controlling dose (percentage change
from baseline) in all study groups.
alues of PD20 in the SIT3, SIT5, and control groups were 0.71, 0.70,
nd 0.26 mg, respectively.

sthma remission

At the end of the prospective phase,we observed 50% of patients
ith asthma remission in the SIT3 group, 54.2% in the SIT5 group,
nd 3.3% in the control group.

iscussion

To our knowledge, this is the first trial that prospectively ex-
lores the long-term effect of different durations of SIT after its
iscontinuation. Current immunotherapy guidelines16,17 suggest
hat SIT should be discontinued on an individual basis; the usual
uration ranges from 3 to 5 years. Data suggest that SIT adminis-
ration is effective in the treatment of respiratory allergy, and its
fficacy continues after treatment discontinuation.18,19 However,
rials specifically designed to address the topic of optimal duration
nd changes in effectiveness after the discontinuation of SIT are still
acking. We aimed to assess the possible differences in effective-
ess between 3 and 5 years of HDM SIT in asthmatic children.
In our study, ICS dose reduction after 5 years of SIT was 25%

igher than in case of children desensitized for 3 years (Fig 2).
owever, this difference was no longer observed after the next 3
ears of prospective observation. This finding suggests latency in
linical improvement during HDM SIT. It is possible that the long-
erm effectiveness of SIT depends mainly on the early induction of
llergen-specific tolerance, which is probably persistent.1–3 On the
asis of the design of the current study, without immunologic
utcomeswe couldnot verify this hypothesis. Thehypothesis of the
atency in the clinical improvement during SIT could be explained
y the maturity process of the immune system in children and the
ower frequency of infections as a main trigger of exacerbation.
rom the clinical point of view, our study suggests that we need
ore time to reach full improvement in asthma symptoms to-
etherwith the ICS dose reduction.20 These findings seem crucial in
he context of adherence to long-term intervention.21

According to the international recommendations,22 parameters
sed to evaluate SIT efficacy are mainly clinical, for instance, the
ymptoms and medication scores. We also added the PAQLQ score
o those factors. The evaluation of the SIT3 and SIT5 groups revealed
lower asthma symptoms score and a higher PAQLQ score com-
ared with the control group. This difference was stable through-

years of follow-up (prospective phase)a

ird year of
low-up

ANOVA P value

Within group Group vs control Group vs SIT5/SIT3

0 (0–200) �.001 .001 .62
0 (0–0) .94 �.001 .94
.5 (89–98) .045 .76 .53
7 (6.7–7) .56 .77 .89

0 (0–200) �.001 �.001 .62
0 (0–0.18) .35 �.001 .94
8 (91–103) .005 .19 .53
7 (7–7) .68 .51 .89

0 (200–500) .65
.5 (0.2–0.9) .45
1 (82–99) .047
.6 (5.8–6.8) .86

CS, inhaled corticosteroid; PAQLQ, Paediatric Asthma Quality of Life Questionnaire;

minimal ICS controlling dose in the SIT3, SIT5, and control groups were as follows:
d as median (interquartile range).
third
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fol
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40
0
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ond; I
ut the 3 years of prospective observation, which is in accordance
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with the previous studies on the long-term effect of SIT.23,24 Inter-
estingly, a significant increase in FEV1 within all the study groups
during the prospective phase was observed. In addition, between-
groups comparison revealed a higher FEV1 in the SIT5 group at the
end of the prospective phase compared with the other 2 groups.
These findings suggest that among SIT5 patients, 2 additional years
of SIT added a long-term clinical benefit to FEV1. However, this
difference, despite reaching a significant level, was under the min-
imum rate of 30% (over placebo) proposed by Malling25 and was
below the level of clinical perception.26

Tabar at al7 recently published a study showing that the magni-
tude of the improvement observed among children after 3 years of
SIT left too small amargin of benefit for the additional 2 years of SIT
to make any difference. They concluded that 3 years of SIT is an
adequate duration of the treatment of respiratory allergy caused by
HDM. Our study, although similar, adds important information.
First, we observed both the SIT3 and SIT5 groups prospectively for
the 3 consecutive years, which allowed us to assess the changes in
the reduction of the minimal ICS dose after the discontinuation of
SIT and to observe latency in the clinical improvement after the
3-year course of SIT. Second, we included the control group, which
made it possible to draw justifiable conclusions regarding the long-
term effect of SIT.

We found a similar (50% of patients in the SIT3 group and 54.2%
in the SIT5 group) percentage of asthma remission in both groups
during our 3-year follow-up period after SIT discontinuation. Full
clinical improvement during SIT defined as asthma remission was
previously observed in a certain percentage of patients.4

Our study has some limitations. During data analysis, we ob-
served that the minimal ICS dose controlling the symptoms was
lower among the control group. This difference may be attributed
to the fact that the control group consisted of children who did not
agree to undergo SIT probably because of milder asthma symp-
toms. However, this fact did not influence the comparability ob-
served between the SIT and the control groups. Another limitation
includes the decision ofwhether the patient received 3 or 5 years of
SIT. This decisionwasmade in the retrospective phase of the study,
without any control allocation (eg, randomization). It is possible
that this approach could modify the results.

An adequate SIT treatment should guarantee clinical efficacy
with a significant reduction of the ICS use and a long-term thera-
peutic benefit after its completion. In our study, these goals were
achieved in both the SIT3 and SIT5 groups. Although the duration of
SIT treatment should be recommended on an individual basis, we
believe that 3 years of SIT is an adequate duration for the treatment
of childhood asthma caused by HDM because 2 additional years of
SIT added no disease duration benefit and only a possible benefit to
FEV1. An observation period longer than 3 years is needed to assess
whether a 5-year course might be more effective.
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